WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 




(11) International Publication Number: 


WO 98/00858 


H01L 21/302 


Al 


(43) International Publication Date: 






8 January 1998(08.01.98) 



(21) International Application Number: PCT/US97/00917 (81) Designated States: CA, CN, JP, KR, European patent (AT, 

BE, CH, DE, DK, ES, FI ( FR, GB, GR, IE, IT, LU, MC ( 

(22) International Filing Date: 23 January 1997 (23.01.97) NL, FT, SE). 



(30) Priority Data: Published 

08/675.559 3 July 1996 (03.07.96) US With international search report. 



(71) Applicant: TEGAL CORPORATION [US/US]; 2201 S. Mc- 

Dowell Boulevard, Petaluma, CA 94955-6020 (US). 

(72) Inventors: DeORNELLAS, Stephen, P.; 5750 Trailwood 

Drive, Santa Rosa, CA 95404 (US). JERDE, Leslie, G.; 29 
Del Oro Lagoon, Novato, CA 94949 (US). COPER, Alferd; 
1869 Ratner, Petaluma, CA 94954 (US). VAIL, Robert, C; 
352 Wilson Lane, Windsor, CA 95492 (US). OLSON, Kurt, 
A.; 7084 East Hurlbut, Sebastopol, CA 95472 (US). 

(74) Agent: MEYER, Sheldon, R.; Fliesler, Dubb, Meyer and Love- 
joy, Suite 400, Four Embarcadexo Center, San Francisco, 
CA 94111-4156 (US). 



(54) Title: PLASMA ETCH REACTOR AND METHOD 




(57) Abstract 

A plasma etch reactor (20) includes an upper electrode (24), a lower electrode (28), a peripheral ring electrode (26) disposed 
therebetween. The upper electrode (24) is grounded, the peripheral electrode (26) is powered by a high frequency AC power supply, while 
the lower electrode (28) is powered by a low frequency AC power supply, as well as a DC power supply. The reactor chamber (22) is 
configured with a solid source (50) of gaseous species and a protruding baffle (40). A nozzle (36) provides a jet stream of process gases in 
order to ensure uniformity of the process gases at die surface of a semiconductor wafer (48). The configuration of the plasma etch reactor 
(20) enhances the range of densities for the plasma in the reactor (20), which range can be selected by adjusting more of the power supplies 
(30, 32). 
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PLASMA ETCH REACTOR AND METHOD 

Field of the Invention; 

The present invention relates to an improved plasma etch 
5 reactor apparatus and method. 

Background of the Invention: 

There are a number of prior art devices and methods used for 
plasma etching of semiconductor wafers. One successful such 

10 apparatus and method is disclosed and depicted in U.S. Patent No. 
4,464,223, for which a Reexamination Certificate was issued on April 
9, 1991, This plasma etch reactor depicts a reactor chamber which 
is bounded by three electrodes. An upper electrode is grounded, while 
a lower electrode is provided with a low frequency power supply along 

15 with a DC power supply. The lower electrode is also the chuck which 
holds the semiconductor wafer in position. Another electrode is 
located between the upper and lower electrodes and is positioned 
about the periphery of the reactor chamber in substantially cylindrical 
in shape. This electrode is provided with a high radio frequency power 

20 supply. In this arrangement, the high and low frequency power 
supplies are used to optimize (1) the disassociation of the process 
gases, and (2) the ion energy of the plasma generated reactant 
species. 

While the above device has been very successful in operation, 
25 it has been found that more precise control of the plasma within the 
reactor chamber would be beneficial to the operation of a plasma etch 
reactor. 
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Summary of the Invention: 

Accordingly, the present invention is directed to improving upon 
the operation of prior plasma etch reactors. 

It is an object of the present invention to provide a plasma etch 
5 reactor which has an increased range of plasma density in order to 
affect and control the etching processes carried out in the reactor 
chamber. By way of example only, such enhanced plasma density 
range can favorably affect the selectivity and the profile control of the 
etching process. 

10 It is a further object of the invention to provide a solid source 

which can be eroded to produce gaseous species that are 
advantageous to the etching process. It is also an object to 
controllably erode the solid source so that there is an appropriate 
mixture of the eroded gaseous species and injected process gases. 

15 It is a further object of the invention to provide a unique nozzle 

arrangement which allows jets of process gas to reach the surface of 
a semiconductor wafer in order to create a uniform distribution of 
process gases at the surface. 

It is yet a further object of the invention to provide a protruding 

20 insulator or baffle in order to further confine the reactor chamber and 
ensure that there is a uniform distribution of process gases and/or a 
uniform distribution of process gases mixed with the gaseous species 
from a solid source. 

It is yet another object of the invention to provide an enhanced 

25 magnetic field in order to control the plasma created and the amount 
of gaseous species which are generated from the solid source. 

It is a further object of the invention to define the dimensions of 
the reactor chamber in order to ensure that there is a uniform 
distribution of fresh process gases at the surface of the semiconductor 

3 0 wafer. 
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It is yet a further object of the present invention to provide one 
or more power sources association with one or more of the above 
features and objects in order to be able to select the desired plasma 
density within the enhanced range of possible plasma densities by 
5 adjusting the power provided to electrodes of the reactor chamber. 

Finally, it is still another object of the present invention to 
provide a reactor chamber which has an increased range of plasma 
densities due to a combination of any one or all of the above objects 
and features. 

10 Additional features, objects, and aspects of the invention are 

evident from the below description and the figures. 

Brief Description of the Figures: 

Fig. 1 is a side cross-sectional view of an embodiment of the 
15 plasma etch reactor of the invention. 

Fig. 2 is a view similar to Fig. 1 with the addition of an 
enhanced process gas inlet nozzle. 

Figs. 3a and 3b depict end and side cross-sectional views of a 
preferred embodiment of a nozzle of the invention. 
20 Figs. 4a, 4b f 4c, and 4d depict isometric, side cross-sectional, 

enlarged partial side cross-sectional, and end views of another 
preferred embodiment of a nozzle of the invention. 

Figs. 5a, 5b, and 5c depict side cross-sectional, enlarged partial 
cross-sectional, and end views of yet another preferred embodiment 
25 of a nozzle of the invention. 

Figs. 6a, 6b, and 6c depict side cross-sectional, enlarged partial 
cross-sectional, and end views of still a further embodiment of a nozzle 
of the invention. 
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Fig. 7 depicts a perspective view of the arrangement of the 
magnets associated with a peripheral electrode of an embodiment of 
the invention. 

Fig. 8 depicts a perspective view of the arrangement of the 
5 magnets associated with the upper electrode of an embodiment of the 
invention. 

Detailed Daacrintion of the Preferred Emhnrllment? 

Referring to the figures and in particular to Fig. 1 , a side cross- 

10 sectional view of an embodiment of the plasma etch reactor 20 of the 
invention is depicted. This reactor 20 enhances and improves upon 
the reactor depicted and described in U.S. Patent No. 4,464,223, 
which patent is incorporated herein by reference. 

Reactor 20 includes a reactor chamber 22 which is bounded by 

15 a grounded upward electrode 24, a side peripheral electrode 26, and 
a bottom electrode 28. in a preferred embodiment, the side peripheral 
electrode 26 is connected to a power supply 30 which provides power 
to the side peripheral electrode 26 preferably at 13.56 MHz at a power 
level of preferably 1,100 watts. It is to be understood that this is a 

20 high frequency power supply (preferably in the radio frequency range) 
and that the frequency preferably can range from 2 MHz to 950 MHz. 
The power can also preferably be supplied in the range of 200 watts 
to 3,000 watts with a voltage of between 100 volts to 5,000 volts. 
A second power supply 32 is connected to the bottom electrode 

25 28. The second power supply 32 is preferably operated at 450 KHz 
with the power being preferably supplied at 30 watts, and at a voltage 
of 200 volts. This is the low frequency power supply. It is to be 
understood that this power supply (preferably in the radio frequency 
range) can be operated in the range of 10 KHz to 1 MHz with a power 

30 range of 2 watts to 1,000 watts, and a voltage range of 5 volts to 
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3,000 volts. Also connected to the bottom electrode 28 is a DC 
power supply 34. The high-frequency power applied to the side 
electrode 26 controls ion flux, while low-frequency power applied to 
the bottom electrode 28 independently controls ion energy. 
5 It is the control of the power supplies and principally the high 

frequency power supply which advantageously controls the density of 
etch plasma in order to provide superior etch characteristics. Further, 
it is the design of reactor 20 which provides the enhanced plasma 
density range from which the optimal plasma density can be selected 

10 by the control of the power supply. 

Associated with the grounded upward electrode 24 is a central 
nozzle 36 which directs a jet of process gas into the reactor chamber 
22 directed at the semiconductor wafer 48. As will be discussed 
below in greater detail, the jets of process gas from the nozzle 36 are 

15 able to effectively reach the surface of the semiconductor wafer 48 
and provide a fresh, uniform distribution of process gas over the entire 
surface of the semiconductor wafer 48. 

Immediately above the grounded upper electrode 24 and the 
nozzle 36 is an exhaust stack 38, which is used to exhaust spent gas 

20 species from the reactor chamber 22. It is to be understood that a 
pump (not shown) is secured to the exhaust stack 38 in order to 
evacuate the gas species from the reactor chamber 22. 

As can be seen in Fig. 1, immediately below the upper electrode 
24 and nozzle 36 is a protruding, peripheral baffle 40. Baffle 40 is 

25 comprised of insulating material, and as will be discussed below, 
protrudes into the exhaust path 42 between the nozzle 36 and the 
housing 44 of the plasma etch reactor 20. Protruding baffle 40 
ensures that there is a good mixture of the various gas species from 
the nozzle 36 and the solid source 50 in the reactor chamber 22. 
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Immediately below the protruding baffle 40 and in this 
embodiment incorporated into the side peripheral electrode 26 is a 
magnet or plurality of magnets 46. Also preferably incorporated in 
upper electrode 24 is a magnet or plurality of magnets 47. As will be 
5 discussed below, either one or both of these magnets 46 and 47 
define a magnetic confinement chamber about and coincident with the 
reactor chamber 22. This magnetic confinement chamber ensure that 
the charged ion species in the reactor chamber do not leak therefrom, 
and that the charge ion species are concentrated about the 
10 semiconductor wafer 48. This magnetic confinement chamber inhibits 
the charged ion species from collecting on the walls of the reactor 
chamber 22. 

Covering the side peripheral electrode 26 and the magnets 46 
is a side peripheral solid source 50. This solid source 50 provides for 

15 an innovative source of a gaseous species which can be sputtered 
through the bombardment of, for example, radio frequency excited 
ions which knock or erode atoms of the gas species from the solid 
source 50 into the reaction chamber 22. The erosion of gaseous 
species from the surface of the solid source can be affected by pulsing 

20 one or both of the above AC power supplies. As a further advantage, 
as portions of the surfaces of the solid source erode, no particles can 
be formed on the eroding surface by the combination of gaseous 
species. Thus, contamination from such particles formed on eroding 
portions of the solid surface are eliminated. Variations of the solid 

25 source 50 are discussed hereinbelow. 

Immediately below the solid source 50 is the wafer chuck 52 
which positions the semiconductor wafer 48 relative to the reactor 
chamber 22. Wafer clamp 53 holds the wafer 48 on the wafer chuck 
52. In this embodiment, the wafer chuck 52 as well as the bottom 
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electrode 28 can be moved vertically downward in order to insert and 
remove the wafer 48. 

In this embodiment, if desired, the side peripheral electrode 26 
and the magnets 46 can be cooled using a cooling water manifold 54. 
5 It is further to be understood that the solid source 50 can be heated 
if desired using a hot water manifold 56. Other methods of heating 
the solid source 50, and particularly the front exposed surface thereof, 
include resistive and inductive heating, and radiant heat provided by 
lamps and other sources of photons. 

10 The protruding baffle 40 as well as the configuration of the 

magnets and the process gas jets from the nozzle, and the gas species 
eroded from the solid source, provide for a high density plasma 
adjacent to the surface of the semiconductor wafer. This configuration 
greatly increases the range of densities that can be achieved within the 

15 reactor chamber 22. The exact density required can be selected from 
the greater range of densities by controlling the power provided to the 
peripheral electrode 26 by the power source 30. The power source 
can be turned down if there is a desire to reduce the erosion rate of 
gas species from the solid source, and to reduce the density of the 

20 plasma. Alternatively, the power source may be turned up in order to 
increase the density of the plasma in the reactor chamber 22. 

By way of example only, if a polysilicon layer is being etched, 
the power provided by high frequency power source 30 would be 
turned down as a less dense plasma and a lower erosion rate is 

25 required from the solid source 50. Alternatively, if a silicide is being 
etched, the power would be turned up as a denser plasma and high 
erosion rate would be desired from the solid source. Further, the 
lower frequency power source can also be adjusted to affect the 
results of the etching process in the above invention. 



WO 98/00858 



PCT/US97/00917 



The above range of operation is not possible with prior devices, 
it is to be understood that one or more of the above features can be 
used to enlarge the plasma density range and thus improve the etch 
process and fall within the spirit and scope of the invention. 
5 An alternative embodiment of the reactor 20 is shown in Fig. 2. 

Similar components are numbered with similar numbers as discussed 
hereinabove. In Fig. 2, the nozzle 36 has been modified in order to 
improve the uniformity of the mixture of the gaseous species in reactor 
chamber 22. As can be seen in Fig. 2, the nozzle 36 includes a 

10 manifold 70 which can channel the process gases in a number of 
directions. From manifold 70 there are horizontal ports 72, 74 which 
direct jets of the process gases horizontally and parallel to the upper 
electrode 24, Port 76 directs jets of the gas vertically downward 
directly onto the wafer 48. Ports 78 and 80 channel jets of the 

15 process gases in a direction skewed to the horizontal, and principally 
toward the periphery of the wafer 48 in order to assure a uniform 
distribution of process gases and/or a good mixture of the gas species 
sputtered or otherwise eroded from the solid source 50 and the jets of 
process gases. In this embodiment, it is also the combination of the 

20 ports of the manifold 70 and the protruding baffle 40 which ensures 
that a good mixture of (1) the gas species sputtered or eroded from 
the solid source 50, and (2) the process gases from the ports of the 
nozzle 36, are presented to the surface of the semiconductor wafer 
48. 

25 In this alternative embodiment, if desired, a second low 

frequency power supply 31 can be communicated with the peripheral 
electrode 26. This power supply would preferably have a frequency 
of 450 KHz. This power supply would be in all aspects similar to 
power supply 32. The high frequency power supply 30 would control 

30 the plasma density while the low frequency power supply 31 would 
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control the erosion rate of gaseous species from the solid source. This 
would be an alternative to having the high frequency power supply 
control both the density of the plasma and the rate of erosion in the 
solid source. 

5 Etching in prior art devices is usually performed in the 300 to 

500 millitorr range, which range is one to two orders of magnitude 
higher than the low pressures contemplated by the reactor of the 
present invention. For etching of submicron features required by state- 
of-the-art semiconductor devices, low pressure operations are 

10 desirable. However, at low pressures, it is more difficult to maintain 
a high density plasma. 

For the embodiments of Figs. 1 and 2, the present invention 
contemplates a magnetic field which contains the plasma at a low 
pressure (3-5 millitorrs), with a high plasma density {10 11 cm 3 at the 

15 wafer), and with low ion energy (less than 15 to 30 electron volts). 
Generally, low pressure operation would be at about 150 millitorr or 
about 100 millitorr or less and preferably about 20 millitorr or about 10 
millitorr or less. For submicron (sub 0.5 microns) devices, the plasma 
source must operate at a low pressure with a high density of activated 

20 gases at the wafer and a low ion energy in order to deliver superior 
etching results. A low pressure plasma improves the overall quality of 
the etch by minimizing the undercutting of the wafer features as well 
as the effect of microloading (etching concentrated features more 
rapidly than less concentrated features), both of which can adversely 

25 affect overall yield. Low pressure, however, requires a high density 
plasma at the wafer to increase the number of plasma particles 
reacting with a film on the semiconductor wafer being etched in order 
to maintain a fast etch rate. A fast etch rate is one factor leading to 
a higher average throughput. Further, low ion energy leads to 

30 improved etch selectivity and minimizes wafer damage. Both of which 
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improve overall yield. It is contemplated that the present embodiments 
can operate at about 1 50 millitorr or less. 

The reactor 20 of the present invention can be used to etch a 
variety of different substrates or films which require different etch 
5 chemistry or recipe. Generally, this chemistry includes two or more of 
the following gases: halogen gases, halogen containing gases, noble 
gases, and diatomic gases. 

Variations of the above features describe above will now be 
explained in greater detail. 

10 

Solid Source! 

It has been determined that the gaseous species eroded or 
sputtered from the solid source 50 or the lack of species eroded or 
sputtered therefrom can have a profound effect on the success of the 

15 etching process carried out in the plasma etch reactor 20. By way of 
example only, the solid source 50 can be comprised of a dielectric 
material such as for example silicon dioxide (Si0 2 ) or quartz which 
upon bombardment by radio frequency excited ions provide gaseous 
ions of silicon and oxygen from the solid source into the reaction 

20 chamber. Another type of dielectric solid source can include a ceramic 
such as alumina (AL 2 0 3 ). This ceramic has a low sputtering or erosion 
rate when impacted by excited gaseous ions and is useful for 
situations where no additional contribution from a solid source is 
required or desired. Particularly, with respect to alumina, with a power 

25 supply under approximately 600 volts peak to peak, little or no 
sputtering is observed. Over that threshold, there is sputtering from 
an alumina solid source. 

Generally, the solid source can be comprised of a semiconductor 
material, a dielectric material, or a conductor. In fact, the solid source 

30 could be embodied in the materials which comprise the electrode, and 
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those materials can be eroded to provide appropriate gas species for 
the plasma in the reactor chamber. Appropriate dielectric materials 
also include silicon nitride (Si 3 N 4 ), in addition to other metal oxides 
besides alumina (Al 2 0 3 ). Semiconductor materials can include silicon 
5 carbide (SiC). Further, conductors can include graphites and 
aluminum. 

The surface temperature of the solid source 50 is preferably 
above 80° C in order to provide for adequate sputtering. At this 
temperature and with the appropriate energized ions eroding the 

10 surface of these solid source, the solid source does not become a cold 
sink for the formation of particles, as discussed herein, from gaseous 
species, which particles can break away and contaminate the reaction 
chamber 22. As discussed above, the rate of erosion or sputtering of 
the gaseous species from the solid source 50 can be controlled by the 

15 high frequency power supply 30. By increasing the power supply 30, 
higher energy ions can be used to bombard the solid source 50 in 
order to increase the rate of erosion of gaseous species from the solid 
source for purposes of the etching process. By way of example, 
should a solid source of silicon dioxide be used, increased 

20 bombardment would enhance anisotropic etching as the gaseous 
species sputter from the silicon dioxide would passivate vertical 
surfaces on the semiconductor wafer so that such surface would not 
be undercut by the gaseous etchant species. 

Further erosion of gaseous species from the solid source 50 can 

25 be used to provide selectivity in an over-etch situation. During 
etching, the etchant gases are used to selectively etch away, for 
example, polysilicon which has been deposited on an oxide layer. 
Photoresist protects the polysilicon which is not to be etched, while 
exposing the polysilicon which is to be etched away. After etching 

30 away the polysilicon, the underlying oxide layer is left. In some 
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situations, small deposits of polysilicon remain in unwanted areas on 
top of the oxide substrate. Over-etching can be used to remove this 
unwanted polysilicon. However, over-etching can also undesirably 
etch into and remove the oxide layer. Through the use of the solid 
5 source, gas species therefrom can be used to ensure that the oxide 
substrate is not etched, while the remaining residual deposits of 
polysilicon are etched away. In this process, the species from the 
silicon dioxide source are deposited on both on the oxide substrate and 
on the residual polysilicon. However, the removal or etching rate of 

10 the polysilicon is higher than the deposit rate of the species from the 
solid source onto the polysilicon and thus the residual polysilicon is 
etched away without damage to the oxide substrate. 

During the above over-etch process, the plasma power supply 
30 is turned down and the DC bias 34 is lowered. By way of example 

15 only, the power supply 30 is turned down to one watt and the DC 
power supply is turned off. The activation energy curve for an oxide 
versus a polysilicon is such that as the energy is reduced, the 
polysilicon continues to be etched but at a slower rate while the 
etching of the oxide is reduced to near zero. 

20 in another example, a semiconductor wafer includes tungsten 

silicide (WSi 2 ) which have been deposited on a polysilicon layer, which 
polysilicon layer has been deposited on an oxide substrate. An 
appropriate photoresist layer is placed on the wafer and the wafer is 
exposed to process gases in the etchant chamber 22. A first reaction 

25 gas etches away the tungsten silicide and sometimes leaves deposits 
of tungsten silicide, called stringers, especially in areas where the 
tungsten silicide and polysilicon have step features. It is in the base 
of such steps that such stringers of tungsten silicide can be left. By 
using a solid source 50 as described above, the selectivity of the etch 

30 process can be controlled :o preserve the underlying layers of 



\ 
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polysilicon and oxide so that the physical dimensions and electrical 
performance of the semiconductor device does not change in any 
undesirable manner. Thus, using this method and controlling the 
selectivity, there is little or no attack of the underlying surface. It is 
5 found that with the above arrangement, that the selectivity for the 
removal of tungsten silicide to polysilicon is approximately 4 to 1 . In 
other words, the tungsten silicide is removed at a rate of 
approximately four times greater than that of the polysilicon. Without 
such an arrangement, it is found that the selectivity is approximatefy 

10 .7 to 1, meaning that the tungsten silicide is etched at approximately 
0.7 times the rate of etching of the polysilicon. Similar results are 
obtained for other types of metal silicides such as for example titanium 
silicides, cobalt silicides, and molybdenum silicides. It is these types 
of metal silicides that are used for fabricating MOSFETs, LEDs, and fiat 

15 panel displays. 

Gaseous Source: 

In addition to the above benefits described with respect to the 
gaseous species eroded from the solid source, such benefits can also 

20 be acquired by introducing in the process gases, gases which have the 
effect derived from the gaseous species eroded from the surface of the 
solid source. By way of example only, a gaseous form of 
tetraethoxysilane (TEOS) can be introduced with the process gas. 
TEOS is a source of silicon and oxygen for the etching process. TEOS 

25 in the process chamber provides the same gaseous species as does a 
solid source of silicon dioxide (Si0 2 ) with the advantages to the 
etching process described herein. Also it is to be noted that a 
combination of both solid source and a gaseous source of such species 
would be within the spirit and scope of the invention. 



30 
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Nozzlas: 

Figs. 3a, 3b, 4a, 4b, 4c, 4d, 5a, 5b, 5c, 6a, 6b, and 6c depict 
alternative preferred embodiments of nozzle arrangements which can 
be used with the above invention. Conventional nozzle arrangements 
are generally configured in a "shower head" configuration with as 
many as 200 ports from which process gases to be ejected. The 
intent of such an arrangement was to ensure that there was a uniform 
distribution of the process gases in the chamber, and in particular, at 
the surface of the semiconductor wafer that was being processed. 
Prior art devices have been found to create a layer of stagnate, used 
gases which have already reacted with the wafer surface and thus 
dilute the uniformity of new process gases directed toward the 
surface. The present invention improves upon such prior art nozzles. 
The present invention includes nozzles which generate discrete 
collimated jets of process gases which merged together adjacent the 
wafer surface to create a uniform distribution at the surface of the 
wafer. The velocity of the gases and the volume in the jets assure 
that fresh process gas reaches the surface of the semiconductor 
wafer. Thus, fresh process gases are uniformally distributed at the 
surface of the semiconductor wafer. These process gas jets stir up 
the gases at the surface of the wafer making a uniform distribution of 
process gas and gaseous species eroded from the surface of the solid 
source. 

Figs. 3a and 3b depict a one-port nozzle 90 with the port 
identified as 92. The nozzle is preferably comprised of alumina. With 
this arrangement, a single jet of gas is projected toward the 
semiconductor wafer. 

Figs. 4a, 4b, 4c, and 4d depict another preferred embodiment 
of a nozzle 94 of the invention which is also comprised of alumina. In 
this embodiment, the nozzle 94 includes twelve ports which define jets 
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of process gas that are directed toward the semiconductor wafer. 
Preferably, the jets are directed at an angle which is skew to vertical 
and the centerline of each jet is directed toward the peripheral edge of 
the wafer. This arrangement is again beneficial in ensuring that there 
5 is a uniform distribution of new process gases at the surface of the 
wafer. As can be seen in Fig. 4d, the ports are distributed around the 
periphery of the face of the nozzle. 

Figs. 5a, 5b, and 5c depict a further embodiment of a nozzle 98 
of the invention. In this arrangement, the ports 99 are depicted in a 

10 star formation with some of the ports being provided on the periphery 
of the face (Fig. 5c) of the nozzle 98 while other of the ports are 
centrally located with one port on the centerline of the nozzle. As with 
the gases from the nozzle of Fig. 4a, the jets of the nozzle of Fig. 5a 
are angled with respect to the vertical and thus are directed both at 

15 the body of the semiconductor wafer and at the edge of the 
semiconductor wafer in order to provide a uniform distribution of 
process gas. 

Figs. 6a, 6b, and 6c depict yet another preferred embodiment 
of the nozzle 100 of the invention. In this embodiment, ports 102 are 
20 directed essentially normal to a vertical line between the nozzle and 
the semiconductor wafer. In this embodiment, the nozzles are directed 
toward the solid source on the side wall in order to ensure greater 
mixing of the gas species from the solid source and the process gas. 

25 Magnetic Confinement: 

The above identified magnets 46, 47 provide a magnetic 
confinement around reactor chamber 22 which ensures that a high 
density plasma can be formed at low pressure. It is to be remembered 
that the plasma is created through a collision of gas atoms and 

30 electrons, generating ions to create a high density plasma at low 
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pressure. The present invention achieves this by increasing the total 
path length of the electrons traveling through the plasma while 
minimizing ion loss to the reactor wall. The electrons traveling toward 
the plasma are reflected by the magnetic field back into the plasma 
5 thus increasing the path length of the electrons. 

With the present invention, the magnets can either be 
electromagnets or permanent magnets and be within the spirit and 
scope of the invention. These magnets, surrounding the etch 
chamber, create a magnetic field container. The magnetic field effect 

10 exists only near the reactor walls, is virtually non-existent at the wafer, 
and creates an inherently uniform plasma. The magnets can provide 
the function of protecting the electrodes as with a stronger magnetic 
confinement, there is less erosion on the electrodes. A weaker 
confinement provides for more erosion of the electrode and the solid 

15 source. 

The magnetic confinement caused by the magnets 46, 47, thus 
is designed to concentrate the plasma and can have the effect of 
protecting the process chamber parts, including the electrodes from 
the corrosive plasma. As a result, there can be considerable cost 

20 savings, as the cost for replacing the electrodes is reduced. 

Figs. 7 and 8 depict an arrangement of the magnet 46, 47, in 
association with the side electrode 26 and the upper electrode 24 
respectively. As can be seen in Fig. 7 there are a plurality of slots 60 
found relative to the electrode 26. In a preferred embodiment, all of 

25 the slots are filled with the magnet 46. For this particular 
embodiment, it is specified that there are thirty-six ceramic magnets 
in electrode 26. These magnets each have a strength of about 300 
Gauss to about 600 Gauss at the surface of the pole face. These 
magnets located behind the solid source 50 affect the rate of erosion 

30 of gas species from the solid source. As indicated above, without the 
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magnets, it is possible that too many gaseous species can be eroded 
from the solid surface and thus affect the etch process. 

It is to be noted that these magnets are pole face magnets. The 
north and south poles are on the faces 62 and the opposing faces 64 
5 of the magnets. The magnets are arranged alternatively so that first 
a north pole face of one magnet 46 and then a south pole face of a 
second magnet 46 are directed toward the center of the chamber. 
This is repeated about the outer periphery of the electrode 26. 

Fig. 8 depicts the arrangement of the magnets 47 associated 

10 with the upper electrode 24. In Fig. 8, all of the slot 66 are filled with 
magnets similar to magnets 46. As in this particular embodiment, 
there would be 36 magnets spoked out from the center of the 
electrode 24 so that 36 magnet ends appear at the peripheral edge of 
the electrode 24. Again, these magnets are pole faced magnets, with 

15 the north and south poles projecting from the side faces of the 
magnets. For the configuration of Fig. 8, the magnets alternate with 
the north and then the south poles facing towards the chamber. 

It is to be understood that the above magnets can be replaced 
with stronger magnets such as rare earth magnets. In such situations, 

20 the number of magnets required would reduce in order to obtain 
comparable magnetic confinements. The rare earth magnets could 
have a strength of about 1,500 Gauss to about 2,500 Gauss at the 
surface of the pole face of the magnet. Preferably, the magnets would 
have the strength of about 2,000 Gauss to about 2,200 Gauss at the 

25 surface of the magnet pole face. 

Reactor Chamber: 

The reactor chamber in the present invention has been 
specifically designed, as discussed above and below, in order to 
30 enhance the uniformity of the plasma. With respect to the physical 
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characteristics of the reactor chamber 22, as noted above, both the 
placement of the baffle 40 and the nozzle 36, 70 contribute to the 
uniformity of the process gases in the reactor chamber 22. The baffle 
40 ensures that the gas species eroded from the surface of the solid 
5 source 50 are not immediately drawn up by the pump through the 
exhaust shaft 38, but are allowed to mix with the gases in the reactor 
chamber adjacent to the semiconductor wafer 48. Additionally, the 
nozzle 38 having ports which channel jets of gases vertically, 
horizontally, and at skewed angles ensure that any gas species from 
10 the solid source are thoroughly mixed with the process gases from the 
nozzle and that this uniform mixture is provided to the semiconductor 
wafer 48. 

The height of the reactor chamber from the nozzle to the surface 
of the semiconductor wafer can be optimized. Prior art devices have 

15 a height of 5%". It has been found that with the above described 
height and also the nozzle arrangements can be optimized in order to 
have the gas jets from the nozzle provide a uniform distribution of 
process gas at the surface of the semiconductor wafer. Thus, also for 
varying reactor heights, nozzle pattern compared to chamber pressure 

20 can be optimized for the etch process including the etch process using 
a solid source. This height is irrespective of the diameter of the 
reactor chamber, although in a preferred embodiment, the reactor 
chamber is approximately 14 1 / a " in diameter. By way of example only, 
for preferred operation at two to three millitorr of pressure in the 

25 reactor chamber 22, the height of the reactor chamber would be 
preferably about 4". For a height of less than 4", the jets would still 
be collimated and thus not uniformally spread at the surface of the 
wafer. For a height greater than 4", the jets could merge together 
above the surface of the semiconductor wafer so as not to provide a 

30 uniform distribution of process gases at the surface of the wafer. 
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Optimally, for a given nozzle configuration, it has been found 
that the product of the height of the reactor chamber 22 with the 
pressure in the chamber, should be constant in order to provide for 
optimal performance. Thus, as indicated above, optimal performance 
5 can be achieved with a height of 4" and a pressure of two to three 
millitorr. The range of values for pressure and height include a height 
range of 1/10 of an inch corresponding to 100 millitorr to a height of 
10" corresponding to one millitorr for optimal performance. That is to 
say that as the pressure increases in the reactor chamber, that the 

10 height of the reactor chamber can be less and that as the pressure 
decreases, the height would increase in order to provide for optimal 
mixing of (1) the gases eroded from the solid source, (2) injected 
process gases, and (3) reaction products from the wafer surface. 

The effect of the above invention is to (1) increase the 

15 selectivity (i.e., for example protect the oxide substrate), (2) enhance 
the profile control of the etch process, and (3) enhance the line width 
control (i.e., protecting the photoresist from the etching process so 
that the correct line width is transferred from the photoresist to the 
wafer). 

20 

Industrial Applicability! 

It is seen that the present invention provides for an etching 
system which provides for (1) a controlled anisotropic profile (i.e., 
straight, vertical side walls), while (2) etching selectively to minimize 
25 damage to the underlayer substrate such as the oxide or other wafer 
materials, and while (3) etching uniformally over a non-uniform area in 
order to remove stringers and other residual deposits. The present 
system provides for etching in the submicron range of less than 0.5 
microns and preferably less than 0.25 microns. 
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Accordingly, the present invention meets the above objects by 
providing a greater range of plasma densities through the reactor 
chamber. This range of plasma densities is affected by the above 
referenced solid source of gaseous species, the reactor chamber 
5 configuration including the protruding baffle and reactor height, the 
nozzle configuration, and the configuration of the magnetic field. The 
density can then be controlled by adjusting the power supply to one 
or more of the electrodes. 

Other features, aspects and objects of the invention can be 
10 obtained from a review of the figures and the claims. 

It is to be understood that other embodiments of the invention 
can be developed and fall within the spirit and scope of the invention 
and claims. 
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We claim: 

1. A plasma etch reactor comprising: 
a reactor chamber; 

5 a first electrode; 

a second electrode; 

wherein a plasma is generated with reactant gas in an electrical 
field formed between the first electrode and the second electrode; and 
a solid source of gas species located inside of said reactor 
10 chamber. 

2. The reactor of claim 1 including: 

means for controlling the rate of erosion of gaseous species 
from the solid source. 

15 

3. The reactor of claim 1 wherein: 

said reactor chamber has a height which is optimized for the 
operating pressure of said reactor chamber. 

20 4. The reactor of claim 1 including: 

a gas nozzle associated with one of said first and second 
electrode; 

a wafer chuck adapted to hold a wafer located below said gas 
nozzle; and 

25 wherein the gas nozzle is spaced about 10 inches or less above 

a wafer held in said wafer chuck depending on the operating pressure 
in the reactor chamber. 



5. The reactor of claim 1 including: 
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means for enhancing the range of the density of the plasma 
contained in said reactor chamber. 

6. The reactor of claim 5 including: 

5 means for controlling the rate of erosion of gaseous species 

from the solid source in order to control the concentration of said 
species within the enhanced plasma density range. 

7. The reactor of claim 1 wherein: 

10 at least a portion of a surface of said solid source of gaseous 

species is eroded by ions from the plasma striking the solid source, 
which erosion prevents the build-up of particles on the solid source. 

8. The reactor of claim 1 wherein: 

15 the first and second electrodes generate the electrical field in 

order to selectively erode gas species from the solid source. 

9. The plasma etch reactor of claim 1 wherein: 

said solid source is comprised on one of a dielectric, a 
20 semiconductor, and a conductor. 

10. The plasma etch reactor of claim 1 wherein: 

an AC power source is provided in order to power one of said 
first electrode and said second electrode; and 
25 gas species are eroded from the solid source and the erosion 

rate of the reactant gas species is controlled by the AC power source. 

11. The plasma etch reactor of claim 1 including: 
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a temperature controller than can control the temperature of the 
solid source in order to control the erosion rate of gas species from the 
solid source. 

5 12. The plasma etch reactor of claim 1 including: 

a source of photons; 

wherein the gas species are eroded from the solid source in 
relationship to the flux of photons impinging on the solid source. 

13. The plasma etch reactor of claim 1 including; 
a power source connected to one of the first electrode and the 

second electrode; and 

wherein said power source is pulsed in order to control the rate 
of erosion of gas species from the solid source. 

14. The plasma etch reactor of claim 1 including: 
a first source of AC power operated at a first frequency; 
a second source of AC power operated at a second frequency; 
said first source of AC power connected to one of said first 

electrode and said second electrode; and 

said second source of AC power connected to the other of said 
first electrode and said second electrode. 

15. The plasma etch reactor of claim 1 wherein: 

25 said solid source is used as a cover for one of said first 

electrode and said second electrode. 

16. The plasma etch reactor of claim 1 wherein: 
said reactor chamber is cylindrical in shape; 



10 



15 



20 
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one of said first electrode and said second electrode is 
cylindrical in shape; and 

said solid source is cylindrical in shape and covers said one of 
said first electrode and said second electrode that is cylindrical in 
shape. 

17. The plasma etch reactor of claim 1 wherein: 

said solid source is selected from a material which has a low 
rate of sputtering of gas species therefrom. 

18. The plasma etch reactor of claim 1 wherein: 

said solid source includes alumina in order to provide a low rate 
of sputtered gaseous species therefrom into said reactor chamber. 

19. The plasma etch reactor of claim 1 wherein: 

said solid source provides gaseous species adapted for line 
width control of a feature of a wafer. 

20. The plasma etch reactor of claim 1 wherein: 

said solid source is a source of gas species which are used to 
passivate a workpiece placed in the reactor chamber. 

21. The plasma etch reactor of claim 1 wherein: 

said solid source is selected in order to increase the selectivity 
of an etching process in the reactor chamber. 

22. The plasma reactor of claim 1 wherein: 

said solid source is a dielectric selected from one of silicon 
nitride, alumina, and silicon dioxide. 
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23. The plasma reactor of claim 1 wherein: 
said solid source is a dielectric comprising one or more metallic 
oxides. 

5 24. The plasma reactor of claim 1 wherein: 

said solid source is a semiconductor comprising silicon carbide. 

25. The plasma reactor of claim 1 wherein: 
said solid source is a conductor comprising one of graphite and 
10 aluminum. 



26. The plasma reactor of claim 1 wherein: 

said solid source is comprised on one of said first electrode and 
said second electrode. 

15 

27. The plasma etch reactor of claim 9 including: 

a first source of AC power connected to said first electrode in 
order to control the erosion rate of the gaseous species from said solid 
source and to control the density of the plasma in the reactor 
20 chamber. 



28. The plasma etch reactor of claim 25 wherein: 

said first source of AC power is in the high frequency range. 

25 29. The plasma etch reactor of claim 1 including: 

a first source of power connected to said first electrode and a 
second source of power connected to said second electrode, and 

said first source of AC power is at about 13.56 MHz and the 
second source of AC power is at about 450 KHz. 



30 
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30. The plasma etch reactor of claim 1 wherein: 
said solid source is heated. 

31. The plasma etch reactor of claim 1 wherein: 

5 said solid source is heated to a temperature of greater than 

about 80°C. 

32. The plasma etch reactor of claim 1 wherein: 

said solid source is heated by one of radiation, conduction, or 
10 induction. 

33. The plasma etch reactor of claim 1 wherein: 

said reactor chamber is held during operation at about less than 
1 50 millitorr. 

15 

34. The plasma etch reactor of claim 1 wherein: 

said reactor chamber is held during operation at about 20 
millitorr or less. 

20 35. The plasma etch reactor of claim 1 wherein: 

said solid source is selected in order to control the rate of 
erosion of gas species therefrom. 

36. The plasma etch reactor of claim 1 including: 
25 a first power supply connected to said first electrode, and a 

second power supply connected to said second electrode; and 

at least one of the first source of power and the second source 
of power is a pulsed power supply in order to effect the rate of 
sputtering of gas species from the solid source. 
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37. The plasma etch reactor of claim 1 including: 
a baffle located in said reactor chamber in order to ensure a 
uniform plasma of gas species. 

5 38. The plasma etch reactor of claim 1 including: 

an insulator protruding into the reactor chamber in order to 
ensure a uniform plasma of gas species. 



39. The plasma etch reactor of claim 1 including: 
10 said solid source is comprised of alumina; and 

a first source of power which is connected to one of the first 
electrode and the second electrode, and said first source of power is 
operated at about over 600 volts peak to peak in order to effect 
sputtering from the solid source, and is operated at under 600 volts 
15 peak to peak in order to suppress sputtering from the solid source. 

40. The plasma etch reactor of claim 1 wherein 

a first source of power is connected to one of the first electrode 
and the second electrode and the voltage level of the first source of 
20 power is selected in order to determine the rate of erosion from said 
solid source. 



41 . The plasma etch reactor of claim 1 wherein: 

said solid source is comprised of a material from which gaseous 
25 species can be eroded in order to effect at least one of selectivity and 
profile control. 

42. The plasma etch reactor of claim 1 wherein: 

said reactor adapted to produce products with submicron 
30 features at pressures less than about 1 50 millitorr and the erosion of 
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the solid source is controlled in order to effect the concentration of 
said solid source species in the plasma. 

43. The plasma etch reactor of claim 1 including: 

5 said first electrode is located adjacent to said solid source; 

a high frequency power supply and a low frequency power 
supply are connected to said first electrode; and 

a low frequency power supply is connected to said second 
electrode. 

10 

44. The plasma etch reactor of claim 1 including: 

a nozzle that introduces process gasses into the reactor 
chamber; 

a chuck for holding a workpiece; 
15 said chuck located below said nozzle; and 

said nozzle having process gas outlets that direct jets of process 
gas in a direction of at least one of normal to a line connecting the 
nozzle and the chuck and skew to a line connecting the nozzle and the 
chuck in order to mix the process gasses from the nozzle and gas 
20 species eroded from said solid source. 

45. The plasma etch reactor of claim 1 including: 

a gas inlet nozzle which is adapted to provide a jet of process 
gas to a wafer. 

25 

46. The plasma etch reactor of claim 1 wherein: 
said nozzle has a single port. 



47. The plasma etch reactor of claim 1 wherein: 
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said nozzle has a plurality of ports that direct jets of gas at 
about the periphery of a wafer. 

48. The plasma etch reactor of claim 1 wherein: 

said nozzle direct about twelve jets of gas, or less, toward the 

wafer. 

49. The plasma etch reactor of claim 1 wherein: 

the jet of gas is collimated until just before it reaches the surface 
of the wafer. 

50. The plasma etch reactor of claim 1 wherein: 

said nozzle has a plurality of ports that direct jets of process gas 
at the center of a wafer and at the peripheral edge of the wafer. 

51 . The plasma etch reactor of claim 50 wherein: 

said jets are collimated until just before the jets reach the 
surface of the wafer and then the jets merge into a substantially 
uniform distribution of process gas at the surface of the wafer. 

52. The plasma etch reactor of claim 1 including: 

means for forming a magnetic confinement around said reactor 
chamber in order to effect the rate that gas species are eroded from 
the solid source. 

53. The plasma etch reactor of claim 52 wherein: 

said magnetic confinement is formed with at least one of 
permanent magnets and electromagnets. 

54. The plasma etch reactor of claim 1 wherein: 
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a gaseous source of species is used in addition to said solid 
source; and 

said gaseous source is comprised of TEOS. 

55. A plasma etch reactor comprising: 
a reactor chamber; 

a first electrode; 
a second electrode; 

a power supply connected to said first electrode; and 
means for controlling the density of a plasma in said reactor 
chamber by controlling the power supply. 

56. The plasma etch reactor of claim 55 including means for 
pulsing the power supply. 

57. The plasma etch reactor of claim 55 including: 

a solid source of gaseous species that is eroded by operation of 
said power supply. 

58. The plasma etch reactor of claim 55 including: 

a nozzle for introducing process gases into said reactor chamber 
which is adapted to provide a jet of process gasses substantially 
adjacent to a surface of a wafer. 

59. The plasma etch reactor of claim 57 wherein: 

said jet is collimated to a position just before a surface of the 

wafer. 

60. The plasma etch reactor of claim 58 wherein: 
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said reactor chamber is operated at a low pressure of less than 
about 150 millitorr. 



61. The plasma etch reactor of claim 55 wherein: 
5 said reactor chamber is operated at a low pressure of less than 

about 20 millitorr. 



62* The plasma etch reactor of claim 55 including; 
a baffle protruding into said reactor chamber in order to enhance 
10 the uniformity of the plasma in said reactor chamber. 

63. The plasma etch reactor of claim 55 including; 

said reactor chamber height defined by the first electrode which 
is an upper electrode located above a wafer chuck; and 
15 wherein the distance between the first electrode and the wafer 

chuck is about ten inches or less depending on the operating pressure 
of the reactor chamber. 



64. The plasma etch reactor of claim 55 including; 

20 a plurality of magnets provided in association with said reactor 

chamber in order to define a magnetic confinement, which magnets are 
pole face magnets. 

65. The plasma etch reactor of claim 55 including: 

25 a plurality of magnets provided in association with said reactor 

chamber in order to define a magnetic confinement, which magnets are 
one of ceramic magnets, rare earth magnets, and electromagnets. 



66. The plasma etch reactor of claim 64 including; 
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said pole face magnets are positioned side by side with 
alternating north and south poles of alternating magnets facing into the 
reactor chamber. 



5 67. A plasma etch reactor comprising: 

a reactor chamber; 

a gas inlet nozzle which provides a collimated jet of process gas 
adapted to be directed at a wafer; 

a solid source of gaseous species; and 
10 a baffle protruding into said chamber. 



68. The plasma etch reactor of claim 67 including; 

said reactor chamber is about ten inches high or less depending 
on the operating pressure of the reactor chamber. 

69. The plasma etch reactor of claim 67 including; 

a power supply which is controllable in order to control the 
density of the plasma in the reactor chamber and the rate of erosion of 
gaseous species form the solid source. 

70. The plasma etch reactor of claim 67 including: 

a magnetic confinement associated with the reactor chamber 
which uses a plurality of pole face magnets. 

71 . The plasma etch reactor of claim 67 including; 

a magnetic confinement associated with the reactor chamber 
which uses a plurality of ceramic magnets. 

72. The plasma etch reactor of claim 67 including: 
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means for controlling the density of a plasma in the reactor 
chamber. 

73. The plasma etch reactor of claim 67 including; 
5 means for controlling one of selectivity and etch profile. 

74. A plasma etch reactor comprising; 
means for controlling the uniformity and density of a 

plasma formed in a reactor chamber comprising: 
a nozzle which generated a jet of process gases that remains 
collimated until just before the gases reach a wafer so gases can be 
uniformly distributed over the wafer; 

a baffle protruding into the reactor chamber; 
a solid source of gaseous species; 

a magnetic confinement comprised of a plurality of ceramic pole 
faced magnets; and 

said reactor chamber being about ten inches high or less 
depending on the operating pressure of the reactor chamber; 

a power supply which can be controlled within a selected range. 

75. The plasma etch reactor of claim 74 wherein: 
said means also controls at least one of the selectivity and the 

etch profile in the reactor chamber. 

25 76. The plasma etch reactor of claim 74 including: 

means for maintaining the reactor chamber at a low pressure of 
less than about 1 50 millitorr. 

77. A plasma etch reactor comprising: 



15 
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a reactor chamber with a nozzle locate above a wafer chuck 
which wafer chuck is adapted to hold a wafer; and 

wherein the distance between the nozzle and a wafer held in the 
wafer chuck is about four inches. 

78. A plasma etch reactor comprising: 
a reactor chamber; 

a plurality of magnets associated with said reactor chamber; and 
wherein said magnets are pole face magnets. 

79. The plasma etch reactor of claim 78 wherein: 
said magnets are ceramic magnets. 



80. A plasma etch reactor comprising: 
15 a reactor chamber; 

an inlet for process gas; 
an outlet for spent gas; 
a wafer chuck; and 

a baffle that extends into the reactor chamber in order to control 
20 the uniformity of the process gas in the reactor chamber. 

81 . The plasmas etch reactor of claim 80 including: 

a first electrode and a second electrode for generating a plasma 
from the process gas in the reactor chamber; and 
25 said baffle additionally controls the distribution and uniformity of 

the plasma. 



82. A method for etching a wafer in a plasma etch reactor 
comprising the steps of: 
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providing a reactor chamber with a solid source of gaseous 
species; and 

controlling the rate of erosion of the gaseous species from the 
solid source in order to control the plasma etch of the wafer. 

5 

83. The method of claim 82 wherein: 

said controlling step is accomplished by controlling the power 
level provided to an electrode in the reactor chamber. 

10 84. The method of claim 83 wherein: 

said controlling step is accomplished by controlling the frequency 
of power provided to an electrode in the reactor chamber. 

85. The method of claim 82 including: 

15 maintaining the reactor chamber at about less that a pressure of 

about 1 50 millitorr. 

86. The method step of claim 82 wherein: 

said controlling step is accomplished by the selection of the 
20 material for the solid source which is mounted in the reactor chamber. 

87. The method of claim 82 including: 

providing a protruding baffle in the reactor chamber in order to 
control the path of the process gasses in the reactor chamber and the 
25 concentration gradients of the process gasses. 

88. The method of claim 82 including the step of: 

using a first power supply at a first frequency and a second 
power supply at a second frequency to control the erosion rate from 
30 the solid source and the plasma density. 
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89. The method of claim 88 including the steps of: 
operating the first power supply at a high frequency; and 
operating the second power supply at a low frequency* 

90. The method of claim 88 including the steps of: 
operating the first power supply in the range of about 2 MHz to 

about 950 MHz; and 

operating the second power supply in the range of about 10 KHz 
to about 1 MHz. 

91 . The method of claim 82 comprising the step of: 
magnetically confining the plasma in the reactor chamber with 

pole face magnets. 



15 92. The method of claim 82 comprising the step of: 

magnetically confining the plasma in the reactor chamber with 
ceramic magnets. 

93. A method for etching a wafer in a plasma etch reactor 
20 comprising the steps of: 

providing a reactor chamber with a plasma; and 
controlling the plasma with a magnetic confinement comprised 
of a plurality of pole face magnets. 

25 94. The method of claim 93 including; 

using ceramic magnets for the pole face magnets. 

95. A method of etching a wafer in a plasma etch reactor 
comprising the steps of: 
30 providing a reactor chamber with a plasma; and 
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controlling the uniformity of the plasma with a baffle protruding 
into the reactor chamber. 



96. The method of claim 95 including the step of: 

5 placing the baffle in the path of exhaust gasses form the reactor 

chamber. 

97. A method of etching a wafer in a plasma etch reactor 
comprising the steps of: 

10 directing at least one jet of process gas at a wafer; 

maintaining the jet collimated until the jet reaches the proximity 
of the surface of the wafer; and 

dispersing the jet uniformly over the surface of the wafer. 



15 98. The reactor of claim 1 wherein: 

said reactor can be operated within a range of pressures; 
said rector chamber can have a range of heights; and 
the product of the operating pressure and the height of the 
reactor chamber are about a constant* 

20 

99. The reactor of claim 1 wherein: 

the reactor can operate in the range of about 1 millitorr to about 
100 millitorr; and 

said height of said chamber can be in the range of about 0.1 
25 inches and about 10 inches. 



100. The reactor of claim 99 wherein: 

at a pressure of about 100 millitorr the height of the reactor 
chamber is about 0.1 inches; 
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at a pressure of about 2.5 millitorr the height of the reactor 
chamber is about 4 inches; and 

at a pressure of about 1 millitorr the height of the reactor 
chamber is about 10 inches. 

5 

101, The reactor of claim 1 including: 

a gaseous source of gaseous species for use in addition to said 
solid source, which gaseous source is used to passivate said wafer. 

10 102. The reactor of claim 1 wherein: 

said solid source of gaseous species is used for at least one of 
(1) line width control, (2) profile control, and (3) selectivity. 



103. The reactor of claim 1 including: 
15 a gaseous source of gaseous species for use in addition to said 

solid source, which solid source and said gaseous source are used for 
at least one of (1) line width control, (2) profile control, and (3) 
selectivity. 



20 104. The reactor of claim 14 including: 

third AC power supply which operates at about said second 
frequency; and 

said third AC power supply is connected to said first electrode. 



25 105. The reactor of claim 104 wherein: 

said first frequency is a high frequency and said second 
frequency is a low frequency. 



106. The reactor of claim 104 wherein: 
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said high frequency is in the range of about 2 MHz to about 
950MHz; and 

said low frequency is in the range of about 10 KHz to about I 

MHz. 

5 

107. The reactor of claim 55 including; 
a solid source of gaseous species; 

another power supply connected to said first electrode; and 
means for controlling said another power supply for controlling 
10 the erosion rate of gaseous species from the solid source. 

108. The reactor of claim 55 wherein: 
a solid source of gaseous species; and 

said controlling means is for also controlling the erosion rate of 
15 gaseous species from the solid source. 

109. A plasma etch reactor comprising; 
a reactor chamber; 

a first electrode; 
20 a second electrode; 

wherein said plasma is generated with reactant gas in an 
electrical field formed between the first electrode and the second 
electrode; and 

a gaseous source of species provided to said reactor chamber to 
25 accomplish at least one of (1) line width control, (2) profile control, and 
(3) selectivity. 



110. A method for etching a wafer in a plasma etch reactor 
comprising the steps of: 
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providing a reactor chamber with at least one of a solid source 
of gaseous species and a gaseous source of gaseous species that can 
be used for at least one of (1) line width control, (2) profile control, 
and (3) selectivity; and 
5 controlling the at least one of the solid source and the gaseous 

source in order to control said at least one of (1) line width control, (2) 
profile control, and (3) selectivity. 

111. A method for optimizing the performance of a plasma 
10 etch reactor comprising: 

selecting a reactor chamber with a height; and 
operating said reactor chamber at a pressure depending upon the 
reactor chamber height. 

15 112. The method of claim 1 1 1 wherein: 

the chamber is operated at a pressure relative to the height so 
that the product of the pressure relative to the height is about a 
constant. 

20 113. The method of claim 1 1 1 wherein: 

selecting a nozzle pattern in order to optimize the performance 
of the reactor. 

114. A method of etching a wafer in a plasma etch reactor 
25 comprising the steps of: 

selecting a reactor chamber with a first electrode and second 
electrode; and 

operating the first electrode with both a high frequency power 
supply and a low frequency power supply; and 
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operating the second electrode with a low frequency power 
supply. 

1 1 5. The method of claim 1 1 4 wherein: 

5 said first electrode is a peripheral electrode and said second 

electrode is a wafer chuck for the reactor. 

116. The method of claim 114 including the step of: 
operating the reactor chamber at a pressure of about 150 

10 millitorr or less. 
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